BIOASSAY OF PAROTIN
The crude parotin was extracted by the author and was histologically assayed by Dr. Z. Ishii(Shinshu University).
This parotin was found to have a strong calcification effect on rat teeth and the hard tissues around them by histological study4).
In The serum calcium level reaches the minimum value three to eight hours after the subcutaneous injection of a medium dose of crude parotin into rabbit. Therefore, in this bioassay the blood had to be taken several times at certain intervals during the day after parotin injection and calcium level was measured. Therefore, the limit of the number of blood drawing per day that effected the serum calcium level was examined. When less than four cc. of blood was taken three times, the arithmetic average of the maximum changes of calcium level was less than 3%, and when blood was drawn five times 4.7% of change was observed (average of eight examples). Thus it was found experimentally that blood drawing of this frequency did not cause serious change in the serum calcium lever. 2. Effect of breeding conditions: The change of serum calcium level can be observed in one day and daily variation need not be considered. Since the degree of reaction is measured by the decrease ratio, namely the percentage of the minimum value of calcium decrease after the injection against the value of calcium just before injection, the absolute value of calcium in serum does not have to be considered. The important point is to keep the sensitivity of each animal equal. Considering these, the rabbits were kept under the same conditions and were used after fasting for 24 hours7). 3 . The relation between dose and effect: Examination with various preparations of crude parotin showed that the parotin effect is approximately in proportion to the dose within the range of 7.5 to 30 mg.7). 4 . The sensitivity of rabbits: When the same rabbit was used, the amount of serum calcium reduction did not vary from day as long as the same amount of the same preparation was used and the reduction was in proportion to the amount injected. When various effective and ineffective fractions were administered to the same rabbit, the response occurred accordingly. Furthermore, no serious changes in sensitivity of a rabbit were seen after the administration of various effective fractions to the same rabbit, twenty-four times during nine months. Thus, it has been discovered that immunity to parotin is not acquired as in the case of parathyroid hormone. In short, as far as the sensitivity to serum calcium reduction is concerned this animal is quite satisfactory for the test8).
5. Homogeneity of sensitivity of individual rabbit: The same amount of crude parotin having a medium effect was injected into several rabbits and the serum Thus, calcium reduction test was proved to be valid as an assay method for parotin but in view of the advance in modern statistics, this has much to be improved and examined, because the study of statistical analysis of scientific data had just been introduced into Japan when this method of bioassay was devised and it was impossible to take full advantage of the statistical method. The author has been seeking a chance to reexamine this method in view of the modern statistics, but because of the lack of samples and sufficient number of rabbits, unfortunately has not been able to carry it out. The following method is therefore being used tentatively8).
Male rabbits of over 2kg. weight are kept in individual cages and fed with maximum variation in serum calcium level from two to three blood drawings during a day does not exceed 5%, are taken out of this group. After fasting for twenty-four hours, the sample solution is injected either subcutaneously or intravenously in proportion to their body weight. During eight hours after injection the blood is drawn three times at certain intervals and the lowest calcium value is measured. The percentage of maximum decrease against the original calcium level before injection is taken as the calcium decrease rate. The minimum amount of the sample which causes an average 15% of calcium reduction rate in three to five rabbits is taken as one potency unit. About four cc. or less of blood but not exeeding four cc. is drawn from an auricular vein, two measurements of the calcium level in two cc. each of the same serum are made according to the Kramer-Tisdall and Clark-Collip modified method . saline solution was subcutaneously injected into rabbit back after the first blood drawing, and less than 1cc. of blood is drawn every two hours thereafter. However, when 3cc. of blood was drawn every two hours, a significant decrease of protein in serum was observed. When the second 3cc. of blood was taken after an interval of six hours no serious change was noticed in serum protein concentration. Therefore, 0.9 % solution of crude parotin(6mg./kg., pH8.)was injected subcutaneously into the back after the first blood drawing. The protein concentration in serum decreased significantly(P=0.05), six hours after this injection. With less than one cc. of blood drawing each time 5.5 to 8 hours after the subcutaneous injection of 7mg./kg. of crude parotin a significant decrease (P=0.05)from that of the control group was seen in the total protein concentration. The control group of rabbits was injected with 1.5cc. of 0.9 % saline solution. The concentration of serum protein was measured by the copper sulfate method. Since this method was likely to cause hemolysis, the result was adjusted by measuring the amount of hemoglobin by the following manner:
The hemolized serum was devided into two parts. after injection. The total amount of protein in unhemolized serum was measured by a refractometer. The absolute decrease in total serum protein at respective times of blood drawing and the percentage of decrease from the initial value were submitted to variance analysis(randomized block method) to examine the significance of the difference between the control and the test.
**shows to be significant at P=0 .01 and-shows to be non significant. Fig. 1 . The effect of parotin injection on the serum protein level in rabbits and the results of its significance test at various hours after injection.
As shown in Fig. 1 a significant difference(P=0.01) was observed in only the difference of the absolute decrease value at four hours after injection and that of the decrease rate between treated animals and untreated animals. In other words, the total protein in the serum of the rabbit which was given 25mg. of parotin clearly decreased as compared to that of the control, and the maximum reaction occurred within eight hours. These experiments confirmed the previous absolute decrease in total protein and percentage of decrease, were statistically analyzed and broken down into variances caused by treatment, individuals and days. The lineality of the dose-response curve was also tested by the orthogonal polynomial method. The results showed that the lineality of the dose-response curve of mean value of the absolute decrease four hours and eight hours after injection is statistically significant(P=0.01) and so is the variance of the same mean value caused by different treatment(different dose). It was also found by this analysis of variance that the dose-response curve of the absolute decrease eight hours after injection was statistically linear(P=0.01) and that the variance of the same absolute decrease caused by different treatment was statistically significant(P=0.05).
Thus, it seems possible to utilize this method for the assay of parotin. The same results were obtained by the statistical analysis of the variance and test for lineality, after adjusting the values by means of covariance according to body weight and protein content prior to injection. EXAMINATION 
OF THE EFFECT ON T HE NUMBER OF CIRCULATING LEUCOCYTES
Dr. S. Tasaka(Tokyo University)12) found that the injection of parotin into the aural vein of rabbits caused selective rise in bone marrow temperature from which he concluded that parotin must have direct action on the hematopoietic function of the marrow. He carried out examination of the bone marrow picture and hemogram, and found that these pictures were changed toward a definite by parotin injection. On the other hand, Dr. Y. Takaoka(Tokyo University)11) noticed that an injection of 10mg./kg. of parotin decreased the number of circulating leucocytes very rapidly within the first from 2 to 3 hours after injection but subsequently increased the number remarkably in the next from 5 to 8 hours, and this tendency lasted even 24 hours after injection. respectively and shows to be non significant. Fig. 3 . The effect of parotin injection on the number of circulating leucocytes in rabbits and the result of its significance test at various hours after injection.
A statistical analysis was performed on the variances which were caused by treatment, days, and rabbits differences within the range of parotin doses of 5 .4-25.0mg. and the lineality was examined. It was found by this analysis that concerning the increase response which is considered to be a specific action of parotin, there was no statistically significant difference by treatment. Significant variances by treatment were seen in the transitory decrease at from 2 to 3 hours after injection. The variances by rabbits and days were also significant. The test of lineality showed that only the linear term was significant but not the higher order term. In addition, when the values were adjusted according to the body weight and initial value two hours after injection was found to be significant. Such results of statistical analysis on leucocytes change may be due to the fact that the leucocytes themselves are more liable to change than the concentration of protein, that the procedures of measurement were difficult, and that the range of doses used was too wide.
However, this method seems to be favorable as a bioassay method, and further studies are being made on the range of doses and proper conditions. According to the'salivary-gland endocrine theory', the main role of endocrine function is played by the parotid gland, though the active principle is also found in the saliva. Thus the bovine parotid gland was chosen as an easily obtainable resource of the hormone.
The isolation was carried out with the reduction of rabbit serum calcium level and promotion of the growth of rat incisors being used as the standard of purification. Extraction with acid alcohol was first performed but the effcetive principle was distributed over numerous fractions and no fraction with a strong effect could be obtained5).
Later, after many trials, it was found that extraction with water at a weak alkalinity(pH8.0), followed by the precipitation of the effective principle at its isoelectric point(pH ca. 5.4)was the most simple and moderate method that gave most powerful product in good yields. Crude parotin is being prepared by this method to date. The yield in mass production of crude parotin by this method is 0. 25% against fresh bovine parotid gland and 0.6 % of the gland removed of fat and of connective tissues. Effect on calcium level reduction of rabbit serum by subcutaneous injection of 7.5mg./kg. of the preparation into the animal was approximately one unit(15 % calcium reduction rate), and the effect on promoting the growth of rat incisors was strongly positive as tested by Dr. Ishii4).
METHOD OF PREPARATION
The bovine parotid gland was passed through a meat grinder, and placed immediately in 1.5 volumes of weakly alkaline water(pH8.0). A small amount of KCN was added, and the surface was covered with a thin layer of toluene. Extraction was carried out for eight hours at room temperature with constant stirring, The residual tissues went through the same process again, and both extracts were put together. The solution was adjusted to pH 5.4 with N HCl. After standing over night in an ice box, a precipitate was separated by centrifuge, followed by placing it without drying in the same solvent, the volume of which was 1/4 of the volume of the solvent previously used. This mixture was stirred at room temperature for thirty minutes. The turbid extract was frozen in a refregerator, allowed to thaw at room temperature by placing the frozen mass wrapped in a gauze on a funnel staffed with absorbent cotton. The clear filtrate was adjusted to pH5. 4 with 0.1N HCI, allowed to stand over night in an ice box, and centrifuged. The precipitate was washed with several portions of acetone, dehydrated and dried in vacuo and kept in a sulfuric acid desiccator. The same yield was obtained from either adult or young bovine parotid glands or when the freezing was allowed to continue for one month. The same preparation was gained by the same method from acetone-dried parotid gland14). Parotin shows all the color reactions and the precipitation reactions of proteins, and give positive Heller's test in coagulation reactions,not undergoing coagulation by boiling at all pH ranges except at the isoelectric point pH 5.4-4.45). The active component is hardly dialyzable through bladder membrane,but prolonged dialysis seems to allow a part of the active protein to go through it17). It has been confirmed by the Wohlgemuth's method that parotin does not have amylase action17).
PROPERTIES OF CRUDE PAROTIN
The active principle of parotin is salted out from the aqueous solution of crude parotin by neutral salts such as ammonium sulfate,sodium sulfate,and sodium chloridel7).
PURIFICATION OF CRUDE PAROTIN
Since the effective component of parotin can be salted out with neutral salts, the fractional precipitation with either ammonium sulfate or sodium sulfateammonium sulfate was applied to the purification of crude parotin2)18).
FRACTIONAL PRECIPITATION WITH AMMONIUM SULFATE
Ammonium sulfate was added to the crude parotin until it reached a 7% concentration and the considerable amount of inactive insoluble material was precipitated and discarded.Ammonium sulfate was further added to the supernatant until it reached a concentration of 22.5-25%.The precipitate of the effective component was separated by centrifugation,followed by dialysis. Ammonium sulfate was further added to this dissolved precipitate bringing the concentration to 15%,by which the effective component precipitated in crystalline state.This precipitate was dialysed again followed by addition of ammonium sulfate to a concentration of 12.1%. The crystalline precipitate was again obtained. The precipitate was further dialyzed,followed by lyophylization or precipitated once again at the isoelectric point,dialyzed,and lyophylized. The precipitate from 15% ammonium sulfate solution was found to be 90% homogeneous by electrophoresis (Fig.4) (from here on purity is expressed by electrophoretic purity). A more pure preparation is obtained by bringing the supernatant of the first 7% solution to pH 5.4 instead of adjusting it to a 25% ammonium sulfate solution, followed by the same fractionation with ammonium sulfate, successive dialysis, and final precipitation at pH 5.419). The fraction at each stage of ammonium sulfates fractionation was tested for purity by electrophoresis. As shown in Fig. 6 , the precipitates from 25% ammonium sulfate (EB-2) was 96.4% pure, the one from 20% solution (EB-3) was also 96.4%, and the final precipitate from 15% solution (EB-4) was 98.5%. The purity of the original crude parotin (EB-1) used for this fractionation was 68.0%19). The precipitate from a 22.5% solution of ammonium sulfate was collected, dissolved in water, and ammonium sulfate was added to this solution until it reached 24%. After repeating this precipitation from 24% ammonium sulfate solution, the supernatant was saturated with ammonium sulfate. The precipitate obtained here ( Fig. 21c ) was found to be highly toxic by intravenous injection in rabbit, and this fraction possessed almost no activity. The activity per gram of crystalline precipitates ( Fig. 7 ) from 12.1% solution was about 10 times stronger than that of crude parotin2).
The yield was 4.5% of crude parotin. The parotin preparation being used at present for study is the precipitates from the 20% ammonium sulfate solution.
The yield of such a preparation in mass production is 3.0% of crude parotin and 0.02% of original material(parotid gland removed of fat and attached tissues).
The purification was attempted as shown in Table  IV The half-wave potentials of each wave are shown in Table V . 1: 2) and phenol-0.1% ammonia(4: 1), and Fig. 16 shows the result of two-dimensional paper chromatogram using N butanol-acetic acid-water (4: 1: 5) and N butanol saturated with water as developing agent. These results revealed that parotin hydrolyzate contains 17 amino acids, namely, glycine, alanine, valine, leucine, phenylalanine, tyrosine, aspartic acid, glutamic acid, lysine, arginine, histidine, cystine, methionine, serine, threonine, proline, and tryptophan 20). The amounts of these amino acids were 3.64% tyrosine, 1.09% tryptophan(Folin-Marenzi's method) and 1.13% cystinea). The amount of sulfur was 0.77%, it contained neither the-SH group nor cysteine , and the content of methionine was calculated as 2 .15% by subtracting the content of cystine-sulfur from the total amount of sulfur 21) . Phosphorus and nitrogen from the amino group composed 0.06% and 0.6% of parotin respectively 21). The amino-nitrogen n-BuOH-AcOH-H2O purification. This preparation was electrophoretically 45% pure (Fig.  20) . Of the two impurities, the content of the one with less mobility was 38%, and this was the same as the impurity 7% contained in the preparation of 93% purity (Fig. 19) . The other with large mobility occupied 17% and was specific only to this preparation.
From these values of sugar content and the constituent of each preparation, the range of possible amount of sugar in these preparations was calculated.
It was found that the percentage of sugar content in active component is between 0.48 % and 0.79 %, and never becomes zero. Thus, even the most purified preparation would contain this amount of sugar. It is hoped that further study will be made along this line after it becomes possible to obtain a large amount of preparations which would be found homogeneous not only by electrophoresis but also by ultracentrifuge and solubility test. It is highly probable that parotin contains no hexosamine or, if it does, in a very minute amount 25) (Nilson's method26)).
As shown in Table VII the aqueous solution of parotin is more labile in acid than in alkaline state at a room temperature.
The neutral solution of parotin () denotes number of rabbits used for the measurement. * The heaviest rabbit among the five used in this experiment died , and some of others seemed to become convulsive after the intravenous injections of the solution, probably by the toxicity of thioglycollic acid. ** Solutions of parotin and thioglycollic acid were incubated and injected separately .
In order
to see what change of activity will be brought by changing the form of the parotin molecule, the denaturation of parotin by urea and guanidine hydrochloride was examined 28). As shown in Table  XIII and XIV, the activity disappears once by the addition of urea but the activity reappeared after elimination of urea through dialysis and by standing for some time. In Table  XIII . Effect of urea on the parotin activity * 14 days after assays were carried out , the solutions were saturated with toluene and preserved in a refrigerator. The crude and purified parotin were isolated from the horse parotid gland through the same process as that from cattle in order to compare the physical and chemical properties of the horse parotin with those of the cattle parotin in view of comparative endocrinology and to obtain more material resources of parotin29). The parotid gland of the horse was chosen simply because of its easy availability.
In this case also crude parotin precipitated at pH 5.4, and the effective principle precipitated from 12.1 % ammonium sulfate solution by ammonium sulfate fractionation.
However, even three times repetition of precipitation from 12.1 % ammonium sulfate solution did not produce crystalline precipitate but the spherical type. As shown in Table XV intravenous injection.
Both parotins were compared in Fig. 21 which shows electrophoretic patterns of pH 5.4 precipitate, ammonium sulfate 12% precipitate, and ammonium sulfate saturation precipitate of horse and bovine parotin, respectively. The effective bovine parotin precipitate from 12% ammonium sulfate solution showed mobility between a-globulin and albumin of human serum and the mobility was rather similar to that of albumin, while horse parotin 12% ammonium sulfate precipitate showed greater mobility than human serum albumin29). Dr. Ogata had long ago discovered that human saliva contains a salivary gland hormone activity by injecting it into animals. This view was also confirmed by Granados 30) who noticed that administration of human saliva mixed with feed promoted the growth of infant hamsters. He considered that the growth-promot-ing factor in saliva was not vitamin B but must have been other vitamin factors or some hormones. The author and others 31)tested the rabbit serum calcium reduction effect, the rat incisor growth-promoting effect(Dr. Ishii 4)took charge of this effect), and amylase activity of the following fractions:
A) The precipitate yielded by adding to the human saliva the same volume of ethanol as that of the saliva and a half volume of ether. B) The small amount of precipitate yielded by the addition of a half volume of ether to the supernatant of(A). C) Concentrated supernatant of(B). The results, as shown in Table XVI, indicated that(B)possessed the largest calcium reduction effect, followed by(A)and(C).
(A)possessed the largest amylase effect which was very weak in (13) . Human saliva yields only a small amount of precipitate at the isoelectric point(pH 5.4), but a very small amount of very active precipitate(7mg. from 90g. of saliva, 0.6mg. of which corresponds to 1 unit)was produced by saturation of NaCl at pH 5.4. The mother liquid, dialized to remove the salt followed by saturation with ammonium sulfate, gave precipitate but the activity was equally distributed in the precipitate and the mother liquid(The activity per gram of both precipitate and the supernatant was 1/5 of the precipitate from NaCl saturated solution of pH 5.4), this process, therefore, could not be used as a purification method32). The potent saliva-parotin'(the e NaCl-Ac-50%-precipitate'fraction in Table  XVII )is a white powder and dissolves completely in alkaline water and precipitates out at pH 3.4(with glass-electrode).
It contains 9.8% Nitrogen and has 72.7% purity by electrophoretic analysis (Fig.  22) . 
PAROTIN-LIKE SUBSTANCE(URO-PAROTIN) IN HUMAN URINE
It has long been a mystery of the filtration function of kidney glomerulus that gonadotropin in pregnant mare serum, whose molecular weight is assumed to be about 30,000, is not excreted into the urine, while human chorionic gonadotropin, whose molecular weight is about 100,000, is excreted to the urine of pregnant woman. Although the essential character of human parotin has not been elucidated as yet, judging from the size of the bovine parotin molecule, it must be of considerable size. Therefore, it would be hard to think that parotin will be excreted into urine without change. However, it might be possible to assume that parotin, after being metabolized into a rather smaller molecule which still retains the specific activity, would be valid the presence of parotin-like substances in human urine. On this assumption, examination of the principle in question in healthy young men was attempted. As a result, the precipitate from benzoic acid adsorption and acetone precipitate were found to have strong serum calcium reducing activity (Table XVIII a, b, and c; Table XIX) .
These precipitates were further purified by ammonium sulfate fractionation in the same manner as that for the bovine parotin. The activity per gram of the ammonium sulfate 12.5% precipitate was twice as much as that of unpurified crude material, and the purity of the precipitate was found to be 82.4% by electrophoresis(see Fig. 24 as that of parotin, but the Ell value was rather small and close to that of crude parotin. According to the salivary gland endocrine theory, the principal role of the endocrine process is played by the parotid gland, and the submaxillary gland merely cooperates with it. Therefore, must be an active substance in the submaxillary gland having the same effect as that of parotin which might be identical to parotin.
The author and his associates have been engaged in such a study This pH4.5-precipitate was fractionated with ammonium sulfate in just the same way as parotin and dialyzed 38). The strong serum inorganic phosphorus reduction was found in the precipitate from 12.5% ammonium sulfate (hereafter this activity will be called P-effect and the substance having P-effect will be called P-substance). However, only a slight rise of serum calcium reducing activity was seen and not the remarkable increase of this activity by such a purification process in the case of parotin(from here on this calcium reducing activity will be called Ca-effect and the substance having this effect will be called Ca-substance). As shown in Fig. 27 and 28 was found in the dialyzates of this 12.5 % ammonium sulfate precipitate or in the precipitate from 15.4 % Na2SO4 solution 40). Each precipitate of the ammonium sulfate fractionation process was dialyzed in a celophane bag against running water for one night and precipitated by adjusting the pH to 4.5. The Ca-effect of all these precipitates was increased by this process, and the increase of the effect of the precipitates from 12.5 % and 24 % ammonium sulfate solution was most remarkable, but the P-effect was decreased 40). The result of this experiment showed that Na2SO4 fractionation or dialysis revealed clearly the latent Caactivity.
It was confirmed by the Wohlgemuth's method that 12.5 % ammonium sulfate precipitate possessed no amylase activity 40). The experiment was carried out as follows:
With 30 counter-current tubes being used, the pH4.5 precipitate was distributed between a phosphate buffer of pH8.0 and chloroform. As shown in Fig. 29 , the precipitate having a strong Ca-effect and weak P-effect was found mainly in the 22nd and the 23rd tubes.
On the other hand, the precipitate having a strong P-effect and a weak Ca-effect was found in the 28th and 29th tube.
In alcoholic fractionation, the pH4. 5-precipitate and the precipitate from 12.5 % ammonium sulfate solutions were each divided with cooling into two parts, namely, the part which was precipitated by making the solution to 60 % alcohol solution and the other which was precipitated by making the solution from 60 to 80 % alcohol solution.
Strong Ca-effect was found in the precipitate from the 80 % alcohol solution and almost no Ca -effect was found in the precipitate from (1)pH 4.5-precipitate; (2)Ammonium sulfate 12.5 %-precipitate; (3)Ammonium sulfate 12.5 %-precipitate(dialyzed); (4)Alcohol 80 %-precipitate and(5)S-parotin. The paper chromatogram(using No.50 Toyo Roshi filter paper, two dimensional ascending method, and ninhydrin as coloring agent)of S-parotin(96.1 % purity)-hydrolyzate with HCl(using solvent mixture of n-butanol-acetic acid-water(4: 1: 2)and 20 % aq. phenol as developing agents)and baryta(using nbutanol saturated with water and solvent mixture of n-butanol-acetic acid-water (4: 1: 2)as developing agents)revealed as shown in Fig. 32 and 33 that the Sparotin contained the following 16 amino acids: leucine, methionine, threonine, phenylalanine, tyrosine, alanine, lysine, glycine, serine, glutamic acid, cystine, aspartic acid, proline, arginine, histidine, and tryptophan 43). The effect of each precipitate from the submaxillary gland extract on the number of circulating leucocytes was observed. An intravenous injection of 5mg./kg. of alcoholic precipitate had a very similar and remarkable effect to that of parotin, as shown in Fig. 34 41) . In order to see the relationship between this effect and that on Ca-effect, the precipitate from the 12.5 % ammonium solution, possessing a strong P-effect and weak Ca-effect, was submitted for test, as shown in Fig. 35 41) .
Administration of this precipitate did not cause as much leucocyte increase as that by the same amount of parotin. A larger effect was seen by doubling the doses.
The human uro-parotin which has a smaller Ca-effect than parotin, possessed comparatively small effect in increasing the number of leucocytes. It was also noticed that in human saliva the amylase portion which was found to have no Ca-effect, possessed no leucocyte effect either. However, parotin precipitate having a strong Ca-effect had also a strong leucocytes effect (Fig.  36 ). Considering these facts, it is highly possible that there must be a close relationship between the Ca-effect and effect of increasing the number of circulating leucocytes. The facts which have been found by the Parotin Research Group are described in, this chapter.
The preparation used in these experiments was the precipitate(about 90 % purity)from the 20 % ammonium sulfate solution, when required for special purposes, the precipitate from 15 % ammonium sulfate was used.
I) ACTION ON HARD TISSUES
The action of the crude parotin on hard tissues has already been described. The purified parotin also promotes the growth of hard tissue as the crude parotin. Dr. S. Huse(Gunma University)46), using the precipitate from the 15 % ammonium sulfate solution, proved by the Okada-Mimura's time marking method by the lead acetate vital staining"that parotin promoted the calcification of rabbit incisor dentine. The minimum effective dose was 0.3mg./kg. body weight of a single intravenous injection and 3mg./kg. of a single subcutaneous injection. In the larger amount, such as 3.0mg./kg.(intravenous injection)and 5.0mg./kg. (subcutaneous injection), caused not only inhibitive effect and deterioration of the dentine quality but also a decrease of growth rate. He also found that the effect by single subcutaneous injection lasted comparatively longer. Using the same lead acetate vital staining method, Dr. M. Okada(Tokyo Medico-Dental College)47)also found that 0.5mg./kg. of the precipitate from 20 % ammonium sulfate solution(daily single injection for three consecutive day)promoted the deposition of calcium in rabbit incisor dentine, but that a dose of 1mg./kg. of daily single subcutaneous injections in rat for four consecutive days caused the promotion during the administration, followed by a return to the normal state, and that 30mg./kg. of the same administration caused a notable inhibition during the four days of injection followed by a slight promotive effect. Dr. T. Sasaki (Chiba University)48)measured the amount of total ash, Ca, Mg, and P, of diaphysis and rnetaphysis, incisor, and vertebral bone of litter rats divided into four groups, namely, parotin-injected intact group, salivary gland-ectomized group, parotin injected salivary gland-ectomized group, and the untreated control group. He reported that the content of these inorganic substances as maximum in the parotin injected group, and minimum in the salivary gland-ectomized group. These four groups were also fed with the same food, given subcutaneous injection of P32, and the distribution of P32 in the body was examined. The excretion rate of P32 into urine, as well as the concentration in blood in the salivary glandectomized group, were both large in the beginning, followed by rapid decrease. In the parotin-injected group these values were both small in the beginning, followed by rapid decrease. However, the amount of phosphorus excreted in urine was almost the same in all the groups and there was no difference by groups in the percentage of phosphorus absorbed through the intestinal canal. As for the distribution of P32 to bones in the parotin injected group a rather larger amount of P32 was found in the epiphysis of long bone and vertebrae, which largely consist of cartilage. A small amount of P32was found in the same part of the salivary gland-ectomized group.
Radioautography of bones showed that promotive effect of parotin on the P32 distribution to epiphysis was seen from provisional calcified zone to the calcified zone. This finding was said to suggest that parotin affected the ossification.
In order to see the difference of growth-promoting effect of parotin on the bones by ages, Dr. Sasaki used three groups of rats, namely, infant group(50 days old), mature group(60-120 days)and aged group(150-180 days). Each group was divided into two groups, the parotin-injected group and the control group. The ratio of total ash, Ca, Mg, and P of bones to the amount in the control were examined. The increase of distribution of P32 to hard tissues was also examined. As a result, a much greater ratio of increase and more distribution were recognized in the younger group. This proved that parotin effect on bones varies by ages and that the younger the subject is the more effective is the parotin.
The author and his collaborators 49)examined statistically the effect of parotin on the distribution of P32 in intact rats, especially to the incisors. As a fundamental consideration the wet weight and ash of the femurs and these of incisors were measured. There was no correlation between these weights and distribution of P32 to bones. The error of the experiment was statistically analyzed to determine the errors due to individual differences, to differences between the left and right femurs of each animal, to the procedures of sample preparation from the same femur and to the repeated counting by the Geiger-Muller counter. As was expected, the error due to individual differences was found to be predominantly large, and it was discovered that the factor beyond the researcher's control had much larger effect on the experiment than did the experimental technique. Under the following four conditions, the radioactivities of femur, lower incisors, blood level and the adrenal were measured.
1) Concurrent administration of 2mg./100g. b. wt. of parotin(precipitate from 15 % ammonium sulfate solution)and radioactive phosphate by subcutaneous injection, and the rats were sacrificed three hours after treatment.
2) Subcutaneous injection of 3.1mg./100g.b.wt. of parotin in three doses every two hours and radioactive P32 injected together with the last(third)injection of parotin. Sacrificed 24 hours after the injection of radioactive P.
3) Intraperitoneal injection of 0.8mg./100g., 0.2mg. 100g., and 0.05mg./100g. of parotin, followed by the injection of radioactive phosphate three hours later, and sacrificed twenty-four hours after the last injection(tested by the two-way lay out with day of test and doses as the factors).
4) The same conditions as above with 0.05mg./100g.b.wt. of parotin(tested by the two-way lay out with three repetitions).
As far as the counting is concerned, the G-M counting of soft tissue of the parotin-injected group was less than that of the control, and the counting of hard tissues of the parotin group was, with two exceptions, larger than that of the control. In view of statistical analysis of the data, however, only the difference of the counting of lower incisors'activity was significant between parotin injected animals and the control animals in some cases and not significant in other cases. The reason why all data did not show statistically significant differences from the control was considered to be due to the insufficient number of animals used and the conditions of experimentation; for instance, doses of parotin, the injection intervals between parotin and radio-active P32, the intervals between the time of the injections and the time when the animals were sacrificed.
Dr. M. Okada50)observed the effect of parotin on development and growth of hair, using the"Okada-Enaga's time marking method in hair by thallium acetate injection". He reported that there were no difference in the time of hair-development or in the type of development between the parotin treated animals and the control. However, the growth of hair was apparently promoted. by 0.003mg./g. of parotin injection, and inhibited by 0.03mg./g. of parotin injection during the injection period. Using the lead acetate stain method, he conducted a similar experiment on incisors and confirmed the report of Dr. Huse and Dr. Okada that deposition of calcium in the incisor dentin was promoted by a small dose of parotin and prohibited by a large dose.
Dr. T. Mori(Showa Medical College)51)observed the effect of parotin on the bone tissue of chick embryo and reported that parotin had a promotive effect on the growth in general and especially on the growth of the bone tissue. He surmised that promotion of ossification of the bone tissue is due to the fact that a certain amount of the calcium in the egg shell and of the egg itself moves very easily to the embryo by parotin injections. He also reported that injection of small amount of parotin cured imperfect growth of chick embryo caused by the loading of calcium preparations.
II) EFFECT ON INORGANIC SUBSTANCES IN BLOOD
The. author and his associates, as already mentioned, discovered that parotin decreased the serum calcium level in rabbit. This fact has later been confirmed by many workers. Dr. H. Minagawa(Tokyo University)52)reported that the same reaction could be seen in dog and human blood. He also found that parotin remarkably increased the magnesium level in the serum of rabbit, dog, and man. The decrease of serum calcium level in blood, according to Dr. Y. Araki (Nagoya City University)53)occurs only in non-diffusible Ca-fraction and no change occurs in the diffusible Ca-fraction. He also reported a remarkable decrease in citric acid content in rabbit serum.
Although Dr. Minagawa reported no change of definite tendency in inorganic phosphorus content and alkaline phosphatase content in serum the author and his associates 54)found that intravenous injection of 2.5mg./kg. of crude parotin and subcutaneous injection of 7.5mg./kg. of parotin caused an increase in the amount of inorganic phosphorus in serum, while purified parotin caused its decrease. The author 55)noticed no difference in serum inorganic phosphorus in litter rabbits(30 day after birth)between those which were consecutively injected with parotin for one month and those without treatment. However, there was significant decrease(P=0.5)of alkali phosphatase in serum but not in adrenal cortex nor in proximal end of the tibia. No significant change of either serum calcium or total serum protein was observed. Dr. K. Ota(Tokyo Medico-Dental College)56)reported that injection of parotin into adults, babies, and school children increased the amount of Ca in their saliva.
III) RELATIONSHIP WITH OTHER ENDOCRINE ORGANS
Dr. T. Ogata had long ago discovered that in case of asialadenism or hypersialadenism, there were definite changes in the tissues of other endocrine organs which suggest hyper-or hypo-function of these glands. Recently, Dr. T. Iino 57) and Dr. N. Takizawa 58)(Chiba University)confirmed this fact. Dr. Takizawa 58) proved that the tissues of the adrenal, the pituitary gland, the thyroid gland, and of the testicles of a parotin-administered rat showed the appearance, caused by an excess of the hormone, as that seen in the case of hypersialadenism. However, the effect of parotin on the tissues depended largely upon the doses, as did its effect on the calcification of rat incisor dentine. The above-mentioned effect of parotin on the tissues was seen only when a low dose(0.3mg./100g.)was injected. When a high dose(3.0mg./100g.)was injected the appearance of the tissue was not necessarily the same as that of hypersialadenism, and three hours after injection the appearance was rather similar to that of hyposialadenism, For instance, in the adrenal cortex of the animals injected with a large doses of parotin, a change was seen at the zona glomerulosa and the amount of lipoids decreased. The same tissues of the lower-dose group showed the appearance of cel multiplication and was rich in lipoids.
Dr. S. Tasaka 59) reported that, in view of the Thorn's test and the number of eosinophiles in blood, parotin acted the same as ACTH.
He carried out the Thorn's test on both the salivary gland-ectomized animals and the animals injected with parotin after salivary gland ectomization. The result suggested slight hypofunction of the adrenal cortex in the former but not in the latter. Thus, he assumed that the endocrine function of the salivary gland has much to do with adrenal function. He also noticed a marked difference in the appearance of the tissues of both the pituitary anterior lobe and the adrenal between parotin-injected animal and ACTH-injected animals. 
CONCLUSION
The results of the salivary gland hormone study and the outline of the biological activity of parotin, which was found by the research group, were reported. The author and his associates reached the stage of isolating a new protein from the bovine parotid gland and found that this substance had not only many biological activity but also exclusive action exactly like that of the salivary gland hormone, which has been proposed by the salivary gland endocrine theory. He also found various biological activity of this substance. Whether this substance is the salivary gland hormone itself or not is the problem which can only be answered later by future studies from various angles. As for the physical, chemical, and biochemical study of the parotin protein mentioned in this paper, much is left to be studied later. Criticism and investigations by those who have interest in it would be very much appreciated by the author.
The studies made at the author's laboratory was started under the guidance of Dr. Akira Ogata, professor emeritus at Tokyo University and succeeded by the author as he retired. The author is greatly appreciative of the cooperation of Dr. Yasuhiko Nozaki, Mr. Sahichi Okabe, Mr. Akira Mizutani, Mr. Shigeru Aonuma, Mr. Susumu Tsurufuji, Mr. Yukio Kubota, Miss Masako Egusa, Mr. Masato Shinoda and Mr. Mitsuo Sawada. Studies of this hormone are also being made at the Department of Physiological Chemistry in the Endocrinological Laboratories at Gunma University, with cooperation of Assistant Professor Mr. Hiroo Takigawa, and Assistant Mr. Sakuji Miyashita and Miss Keiko Ono. The author is further indebted to the Teikoku Hormone Manufacturing Co. Ltd. for supplying material used in the experiment and to Nippon Gakujutsu Shinkokai (Japan Science Furtherance Association)and the Ministry of Education for financial assistance. The expenditure of this study were defrayed by the former before the end of the war and by the latter after that.
